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Description

[0001] The present invention relates to the reduction
of endotoxin in polysialic acid (PSA) and its conjugates
by incubating with strong base, followed by recovery of
PSA, usually by adsorption and elution from an anion
exchange column. The purified PSA with reduced endo-
toxin content can be used to derivatise drug delivery sys-
tems, biological molecules, including protein and peptide
drugs, which improves the pharmacokinetics and phar-
macodynamics of drugs.
[0002] Polysialic acids are naturally occurring un-
branched polymers of sialic acid produced by certain bac-
terial strains and in mammals in certain cells [Roth et.
al., 1993]. They can be produced in various degrees of
polymerisation from n=about 80 or more sialic acid res-
idues down to n=2 by limited acid hydrolysis or by diges-
tion with neuraminidases, or by fractionation of the nat-
ural, bacterially derived forms of the polymer. The com-
position of different polysialic acids also varies such that
there are homopolymeric forms i.e. the alpha-2,8-linked
polysialic acid comprising the capsular polysaccharide
of E. coli strain K1 and the group-B meningococci, which
is also found on the embryonic form of the neuronal cell
adhesion molecule (N-CAM). Heteropolymeric forms al-
so exist - such as the alternating alpha-2,8 alpha-2,9 poly-
sialic acid of E. coli strain K92 and group C polysaccha-
rides of N. meningitidis. Sialic acid may also be found in
alternating copolymers with monomers other than sialic
acid such as group W135 or group Y of N. meningitidis.
Polysialic acids have important biological functions in-
cluding the evasion of the immune and complement sys-
tems by pathogenic bacteria and the regulation of glial
adhesiveness of immature neurons during foetal devel-
opment (wherein the polymer has an anti-adhesive func-
tion) [Muhlenhoff et. al., 1998], although there are no
known receptors for polysialic acids in mammals. The
alpha-2,8-linked polysialic acid of E. coli strain K1 is also
known as ’colominic acid (CA)’ and is used (in various
lengths) to exemplify the present invention.
[0003] The alpha-2,8 linked form of polysialic acid,
among bacterial polysaccharides, is non-immunogenic
(eliciting neither T-cell or antibody responses in mamma-
lian subjects, even when conjugated to immunogenic car-
rier proteins) which may reflect its status as a mammalian
(as well as a bacterial) polymer. Shorter forms of the pol-
ymer (up to n=4) are found on cell-surface gangliosides,
which are widely distributed in the body, and are believed
to effectively impose and maintain immunological toler-
ance to polysialic acid. In recent years, the biological
properties of polysialic acids, particularly those of the al-
pha-2,8 linked homopolymeric polysialic acid, have been
exploited to modify the pharmacokinetic properties of
protein and low molecular weight drug molecules [Gre-
goriadis, 2006; Jain et. al., 2003; US-A-5846,951; WO-
A-0187922]. Polysialic acid derivatisation gives rise to
dramatic improvements in circulating half-life for a
number of therapeutic proteins including catalase and

asparaginase, and also allows such proteins to be used
in the face of pre-existing antibodies raised as an unde-
sirable (and sometimes inevitable) consequence of prior
exposure to the therapeutic protein. In many respects,
the modified properties of polysialylated proteins are
comparable to proteins derivatised with polyethylene gly-
col (PEG). For example, in each case, half-lives are in-
creased, and proteins and peptides are more stable to
proteolytic digestion, but retention of biological activity
appears to be greater with PSA than with PEG [Hreczuk-
Hirst et al., 2002]. Also, there are questions about the
use of PEG with therapeutic agents that have to be ad-
ministered chronically, since PEG is only very slowly bi-
odegradable [Beranova et. al., 2000] and high molecular
weight forms tend to accumulate in the tissues [Bendele
et. al., 1998; Convers et. al., 1997]. PEGylated proteins
have been found to generate anti PEG antibodies that
could also influence the residence time of the conjugate
in the blood circulation [Cheng et. al., 1999]. Despite the
established history of PEG as a parenterally adminis-
tered polymer conjugated to therapeutics, a better un-
derstanding of its immunotoxicology, pharmacology and
metabolism will be required [Hunter and Moghimi, 2002].
Likewise there are concerns about the utility of PEG in
therapeutic agents that may require high dosages, since
accumulation of PEG may lead to toxicity. The alpha-2,8
linked polysialic acid therefore offers an attractive alter-
native to PEG, being an immunologically invisible biode-
gradable polymer which is naturally part of the human
body, and which degrades, via tissue neuraminidases,
to sialic acid, a non-toxic saccharide. However the crude
PSA is contaminated with high levels of endotoxin which
limits its therapeutic utility.
[0004] Our group has described, in previous scientific
papers and in granted patents, purification and fraction-
ation of PSA and its utility in improving the pharmacoki-
netic properties of protein therapeutics [Gregoriadis,
2006, Jain et. al., 2004; US-A-05846,951; WO-A-
0187922]. Now, we describe preparation of purified PSAs
with reduced endotoxin content which can be used to
produce PSA-derivatised proteins, and other therapeutic
agents. These new materials and methods are particu-
larly suitable for the production of PSA-derivatised ther-
apeutic agents intended for use in humans and animals,
in which the chemical and molecular definition of drug
entities is of major importance due to medical ethics and
the safety requirements of the regulatory authorities such
as the FDA and EMEA.
[0005] Endotoxin (which is a lipopolysaccharide) was
first defined by Richard Pfeiffer in 1892 as a heat stable
toxic substance released upon disruption of microbial en-
velopes. The inflammatory response in the infected host
results in the production of toxicity, which appears to be
optimally adapted for the clearance of most local infec-
tions. However, an inflammatory response leading to
septic shock and death may also occur when there is
systemic distribution of severe infections.
[0006] This lipopolysaccharide (LPS) is utilized in most
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of the steps that occur during the presentation of endo-
toxin to the myeloid cells of the immune system and the
production of inflammatory cytokines. The most potent
component of LPS is lipid A and has become synony-
mous with endotoxin. Inflammatory mediators from bac-
teria like peptidoglycan, the diacylglycerylcysteine moi-
ety of bacterial lipoproteins, and bacterial nucleic acid
signatures, are also referred to as endotoxin. Recently,
it has been discovered that Toll-like receptor (TLR4) is
the lipid A inflammatory signal transducer. In addition,
the signal transducers for different inflammatory media-
tors have been identified. The structure of endotoxin is
important since its elucidation facilitates an understand-
ing of how it can be removed.
[0007] LPS is made up of three parts: the proximal,
hydrophobic lipid A region, which anchors LPS to the
outer leaflet of the OM, the distal, hydrophilic O-antigen
repeats, which extend into the aqueous medium, and the
interconnecting core oligosaccharide. The O-antigen and
core sugars although not essential for survival, provide
bacterial resistance against various antimicrobial agents
including detergents and the membrane attack complex
of serum complement.
[0008] Wild-type cells that produce O-antigen due to
their glossy colony are known as ’smooth’ and those
which do not have O-antigen are known as ’rough’. The
molecules that contain the O-antigen polysaccharide are
usually referred to as LPS and the molecules lacking O-
antigen, as in Neisseria, are termed lipooligosaccharide
or LOS. As Lipid A is essential for survival and is also a
potent inflammatory mediator, it is now a target for the
development of antibiotics and antiinflammatory agents.
[0009] Many inflammatory mediators, in addition to
LPS, can be regarded as endotoxins, including peptidog-
lycan, the diacyl glycerylcysteine moiety of bacterial li-
poproteins, bacterial nucleic acid signatures and inactive
endotoxins (produced by endotoxin mutant strains).
[0010] Modified lipid A structure has been used to de-
velop novel endotoxin antagonists and immune adju-
vants [Christ et a/., 1995]. Determination of the biochem-
ical details of lipid A structure and function helps to un-
derstand its role in bacterial pathogenesis and to inter-
vene with novel treatments for infection [Bishop 2005].
[0011] Methods have been developed to reduce the
endotoxin content of fluids. WO87/07531, for instance,
describes the removal of endotoxin from endotoxin-con-
taining fluids, such as blood, using polymyxin B immobi-
lised on a solid phase support.
[0012] US 6,942,802 B2 describes methods for remov-
ing bacterial endotoxin from a protein solution to recover
protein. In this patent, immobilised metal affinity chroma-
tography is used.
[0013] US 6,713,611 B2 relates to a method of remov-
ing an endotoxin from a solution containing basic pro-
teins. The method comprises adding a surfactant to the
solution and loading the resultant solution onto a cation
exchange column with subsequent recovery of the basic
protein from the column.

[0014] US 6,617,443 describes a method for removing
endotoxins from a material from which nucleic acids are
to be recovered. The endotoxins are removed by prein-
cubating the nucleic acids in a salt-free detergent solution
and subsequent anion exchange chromatography on a
tentacle anion exchanger.
[0015] US 5,169,535 describes a method for removing
endotoxin from a solution containing protein and endo-
toxin, where the pH of the solution is adjusted to pH 9 or
lower (the isoelectric point of the protein) and the solution
is passed through a column packed with a cross-linked
granular chitosan. The endotoxin is absorbed and the
protein passes through.
[0016] US 5,917,022 describe a process for the remov-
al of endotoxin from a biological product such as proteins
for therapeutic use, blood plasma fractions, and albumin
solutions. This method comprises of binding endotoxin
present in the said biological product to a cross-linked
hydrophilic matrix made up of copolymer of allyl dextran
and N,N-methylene bisacrylamide, to which the endotox-
in binds with some degree of specificity. This process is
in the class of affinity chromatographic method.
[0017] US 7,109,322 disclose a process for reducing
or removing endotoxins from compositions containing
therapeutic active substances, usually nucleic acids, ex-
tracted from natural sources by genetic engineering
and/or biotechnology. For that purpose, the compositions
being recovered from fermentation broth, for instance,
are treated with chromatographic materials. The frac-
tions of natural sources such as E.coli fermentation broth
obtained are centrifuged, lysed using 200 mM NaOH, 1%
sodium dodecyl sulphate, filtered, then passed through
an anion exchange column to which the nucleic acid pref-
erentially (compared to endotoxin) absorbs. The nucleic
acid is eluted with an elution buffer and recovered. In
another example a metal affinity absorbent for endotoxin
is used prior to the anion exchange column.
[0018] US 6,699,386 B2 invention provides an absorb-
ent having a high ability to absorb endotoxin selectively
and a method of adsorbing endotoxin from a protein so-
lution. The adsorbent is comprised of a basic substance
bonded to a base material by means of a cross-linking
agent.
[0019] US 6,774,102 invention describes blood treat-
ing material having the capacity to selectively remove
endotoxin and cytokine inducing substances from blood
or plasma by extracorporeal adsorption for therapeutic
septic shock treatment. They also provided methods and
devices which used an adsorbent having a polydisperse
oligopeptide of the invention immobilized on a solid state
support medium for removing endotoxin from the blood
of human or animal subject.
[0020] Methods have also been described for the re-
moval of endotoxin from polysaccharide samples.
[0021] US 5,589,591 discloses a process for produc-
ing a substantially endotoxinfree polysaccharide compo-
sition using a size separation technique, preferably ultra-
filtration. The method is suitable for removing endotoxin
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from mannan, gum arabic and arabinogalactan recov-
ered from their plant sources.
[0022] US 5,039,610 describes a process for removing
endotoxin from Gram-negative polysaccharides such as
polyribosylribitol phosphate. Polysaccharide-containing
powder derived from Gram-negative bacteria fermenta-
tion broth is solubilised to provide a divalent counter ion
for endotoxin. Alcohol is added incrementally to induce
lipopolysaccharide precipitation and the resultant mate-
rial is mixed with a non-ionic resin, a detergent and a
chelating agent.
[0023] WO98/32873 discloses a process for separat-
ing endotoxins from bacterial capsule polysaccharides,
for example a capsular polysaccharide from N. meningi-
tidis, serogroup C (example 2), which is a polysialic acid
(polymer of N-acetylnuraminic acid). The main steps of
this process are mixing the sample with a detergent so-
lution, alcoholic precipitation, and filtration.
[0024] However, to date, it remains a challenge to re-
duce the endotoxin content of a polysialic acid sample
to an acceptable level for use in pharmaceuticals.
Polysaccharide from fermentation broths has an anionic
content and molecular weight very similar to endotoxin.
The natural compound is also a lipopolysaccharide. For
these reasons most purification techniques result in
some copurification of PSA and endotoxin. The present
invention overcomes these problems.
[0025] In accordance with a first aspect of the inven-
tion, we provide a process for reducing the endotoxin
content of a sample containing polysialic acid and endo-
toxin comprising the sequential steps:

(i) adding to the sample a base having a pKa of at
least 12 to form a basic solution having a pH of at
least 12, incubating the solution for a time at a tem-
perature; and then
(ii) recovering polysialic acid having reduced endo-
toxin content from the solution.

[0026] In one embodiment the recovery of PSA from
the solution includes the steps:

(iii) passing the base-treated solution through an an-
ion-exchange column whereby polysialic acid is ab-
sorbed on the ion exchange resin;
(iv) washing the column with one washing buffer,
whereby polysialic acid remains absorbed on the ion
exchange resin; and
(v) eluting the polysialic acid from the column using
an elution buffer to provide a product solution of poly-
sialic acid having reduced endotoxin content. It is
believed that at least some of the base-treated en-
dotoxin product passes through the ion exchange
column in the void volume.

[0027] In another embodiment the recovery step (ii)
involves a salt-removal treatment step, i.e. based on size
exclusion chromatography whereby higher molecular

weight materials, such as polysaccharides are recovered
free of salts. The invention is of particular utility for treat-
ment of microbial fermentation broths.
[0028] The polysialic acid and endotoxin containing
solution which is subjected to the base treatment of the
process of the invention is preferably fermentation broth,
usually the supernatant after centrifugation, or the prod-
uct of preliminary treatment steps for removal of unwant-
ed contaminants such as nutrients, lipids, proteins and
nucleic acid. The sample may, however, contain protein
which is not wanted in the final product as it is expected
that this will be degraded by the base and the degradation
products removed easily during the PSA recovery steps.
[0029] This process results in samples of PSA which
have reduced endotoxin content and which are suitable
for use in the preparation of pharmaceuticals. Surpris-
ingly, to the skilled person, the use of the strong base
does not result in degradation (of molecular weight) or
deacetylation of the PSA. The skilled person would have
avoided contact of PSA with a strong base such as NaOH
where deacetylation is to be avoided, see for instance
Moe et al.. We have shown, however, that incubating
with base followed by recovery of PSA eg by elution in
an anion exchange column is a particularly effective
method for reducing the endotoxin content of PSA, while
not leading to chemical modification (deacetylation, for
instance), nor molecular weight reduction.
[0030] In accordance with a second aspect of the in-
vention, there is provided a sample of PSA material hav-
ing reduced endotoxin content obtainable by the above
process.
[0031] The endotoxin content should be reduced to a
pharmaceutically acceptable level. Preferably, the endo-
toxin content of the sample, after the process of the in-
vention, is less than 25EU/mg of PSA material. Accord-
ingly, a third aspect of the invention provides a sample
of PSA comprising an endotoxin content of 25EU/mg of
PSA material, or less, measured using the LAL test. Pref-
erably, the endotoxin content is in the range 0.05-25
EU/mg of PSA material. The present invention provides
samples of PSA itself and PSA- conjugate (eg biological
molecule, or drug delivery system conjugate) (hereinafter
referred to as PSA material) that have a low endotoxin
content.
[0032] The process of the invention is carried out under
conditions that provide useful yields of PSA. It is possible
to avoid contamination of PSA with affinity ligands such
as polymyxin B, or polycations such as poly-D-lysine,
that are commonly used in affinity adsorbents designed
to remove endotoxin either by omitting the use of such
materials completely or using them under conditions at
which no degradation of the matrix occurs (under which
endotoxin removal may not be optimised). This ’purified’
PSA may be used to derivatise therapeutic agents, such
as proteins, and used in the human body without the risk
of endotoxin toxicity.
[0033] The endotoxin level is measured using the LAL
test as described in European Pharmacopoeia 5.0, Ap-
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pendix XIVC.
[0034] In step (i) of the process, the sample is added
to a base having a pKa of at least 12. Without being bound
by theory, it is thought that the base cleaves bonds, prob-
ably ester bonds in the endotoxin, rendering it inactive,
and/or allowing removal of the reaction products. To have
utility in the process of this invention the base must there-
fore be sufficiently strong to react and hydrolyse the en-
dotoxin. It is surprising that the endotoxin concentration
reduced without substantially destroying the polysialic
acid, for instance by deacetylating the N-acetyl groups
or cleaving the polysialic acid chains.
[0035] Preferably, the base has a pKa of at least 13,
more preferably at least 14. The base preferably forms
a basic solution having a pH of at least 13, more prefer-
ably at least 14. The sample is typically incubated in the
base in a suitable buffer, for instance HEPES buffer, or
water.
[0036] Suitable bases for use in the present invention
are NaOH, KOH, Ca(OH)2 and LiOH. Particularly pre-
ferred is NaOH. NaOH at a concentration of 2N is suita-
ble.
[0037] Step (i) is carried out for a time which typically
ranges from 5 minutes to 24 hours, preferably from 30
minutes to 6 hours. The temperature is typically in the
range 0°C or 60°C and is preferably 2°C to 40°C. Higher
temperatures and/or longer times may lead to undesira-
ble degradation of PSA itself.
[0038] In one embodiment of the invention, the incu-
bation in step (i) is carried out for 2 hours at 20°C with
constant stirring. Step (i) may be immediately followed
by an additional step in which the sample is neutralised.
Neutralisation may be performed, for instance with HCI,
to achieve a final solution pH of around 7.4.
[0039] A suitable method making use of ion exchange
chromatography on which steps (iv) and (v) may be
based is described in our earlier Patent Application,
WO2006/016161. This method can be adapted for use
in the present invention, where it is not necessary to sep-
arate the PSA, at this stage, into fractions of different
average molecular weight. In that prior art method, poly-
sialic acid is separated into fractions of different average
molecular weight. Aqueous solution of PSA is contacted
with anion exchange resin in a column whereby PSA is
adsorbed. The PSA is then subjected to selective elution
by aqueous elution buffers, and the PSA is recovered
from eluted fractions. The selective elution involves
washing the resin in the column with at least one elution
buffer. If more than one elution buffer is used, each may
have different ionic strength and/or pH, in which the sec-
ond and subsequent buffers have higher ionic strength
and/or pH than the buffers of the immediately preceding
step. The fractionation process using ion exchange leads
to a small reduction in endotoxin content.
[0040] In preferred embodiments of the process of this
invention, the sample is passed through an anion ex-
change column after having been treated with the base.
The sample may need to be prepared before loading onto

the column, for instance, it may need to be diluted. At
least some of the endotoxin will pass through the column
and it is preferred that the loading buffer is selected such
that PSA is full adsorbed and at least some endotoxin
fails to be adsorbed. Examples of loading buffers are
described below.
[0041] Step (iv) of the method is a washing step, in
which a low ionic concentration elution buffer is washed
through the column. For instance such an initial wash
step may be carried out with a buffer having a salt con-
centration of 100mM or less. Typically, the washing buffer
comprises triethanolamine and has a pH around 7.4. This
initial step may wash out low molecular weight contam-
inants. The washing step may involve a volume of at least
1, preferably at least 1.5 column volumes, based on the
volume of the ion exchange resin column. During this
step, substantially all of the polysialic acid remains on
the ion exchange resin. More than one washing step may
be performed. The second washing buffer may be iden-
tical to the first, or alternatively, comprise an alcohol
and/or a surfactant. Suitable examples of surfactants are
nonionics such as PEG, Tween 20 and 80 and Triton.
The washing steps may remove further endotoxin from
the column.
[0042] It is to be noted that a column of anion exchange
resin may have a diameter of the cross-section which is
greater than the height or may, as in a conventional col-
umn, have a height which is greater than the diameter of
the cross section. The volume may be in the range 1 to
5000 ml. The height of the column may be in the range
1 cm to 5000 cm. The cross sectional area may be in the
range 1 cm to 5000 cm2. The cross section may be of
any shape but is preferably round.
[0043] After the anion-exchange resin washing step,
the PSA is eluted using elution buffer. The elution buffer
used in step (v) generally has a relatively higher ionic
strength than the washing buffer, in order to remove the
PSA from the column. Typically, the elution buffer com-
prises NaCl at a concentration of at least 0.4M.
[0044] We have found that it is preferred for the elution
step of the preferred embodiment to use at least 1.0,
preferably at least 1.25 and most preferably at least 1.5
column volumes of the respective elution buffer. Prefer-
ably no more than 3 column volumes of elution buffer are
used. The flow rate for a 75ml matrix is preferably 7ml/
minute.
[0045] The preferred embodiment of the process may
comprise more than one, for instance at least 5, for in-
stance as many as 20 or, generally in the range 6 to 12,
sequential steps of elution with elution buffers of succes-
sively increasing ionic strength. The ionic strength in the
first of these essential steps is generally in the range
1mM to 1M. In this manner, eluted polysialic acid may
be fractionated into samples having different average
molecular weight.
[0046] Preferably the ionic strength of an elution buffer
is varied by varying the level of a salt of a strong mineral
acid and a strong mineral base, preferably sodium chlo-
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ride.
[0047] After step (v) has been performed, and the prod-
uct solution obtained, steps (i) and (iii) to (v) may be re-
peated. Preferably, steps (iii)-(v) are repeated.
[0048] The PSA may be further treated. Subsequent
steps may include further purification and/or concentra-
tion steps. With regard to further steps, these generally
involve steps in which the polysaccharide is isolated from
any salt, for instance using membranes, for instance ul-
tra-filtration membranes. Such steps may additionally al-
low concentration of the PSAs to form more highly con-
centrated solutions. Such solutions may be subjected to
additional steps of membrane treatment, for instance
successive ultra-filtration or other filtration steps.
[0049] The anion-exchange elution buffer may contain
a volatile acid or base and in this case the further steps
may involve volatilisation of the volatile base from the
eluted fractions. Although it is possible to recover the
PSA from aqueous solutions by precipitation techniques,
for instance involving non solvents for the PSAs, it is pre-
ferred that no such solvents are utilised, since this may
make final isolation from the respective solvents more
difficult. Consequently the final step of recovery prefer-
ably involves evaporation of the water and, preferably,
any remaining volatile buffer components remaining from
the elution steps. In a preferred case wherein trieth-
anolamine is present, both the triethanolamine cation and
acetate anion are volatile and can easily be removed
under vacuum.
[0050] The PSA may be finally isolated from solution
by drying, preferably under reduced pressure. This is
preferably performed by freeze-drying.
[0051] Precipitation, preferably using a non solvent,
may be carried out as a preliminary step to fractionation
to remove a portion of the population and decrease poly-
dispersity of the higher molecular weight fractions. Pref-
erably, differential ethanol precipitation is used.
[0052] The process may comprise an additional step,
either before step (i), between steps (i) and (ii) or after
step (ii). This may involve hydrophobic interaction chro-
matography (HIC), affinity chromatography, such as im-
mobilised metal affinity chromatography (IMAC) or size
exclusion chromatography (SEC).
[0053] A suitable HIC column is one to which endotoxin
is adsorbed but to which PSA does not adsorb, such as
Phenyl FF. The loading buffer is typically ammonium sul-
phate, sodium chloride etc. in deionised water, or deion-
ised water adjusted to pH 7.4.
[0054] HIC is preferably carried out before step (i). In
fact, it is believed that this is the first disclosure of use of
HIC for the removal of endotoxin from a sample of PSA.
It is surprising that HIC can be used to remove endotoxin
without co-removal of polysialic acid such as recovered
from fermentation broth, i.e. in the form of a lipopolysac-
charide, or vice versa, for instance where PSA material
is conjugated to render it more hydrophobic than endo-
toxin. By appropriate selection of column and conditions
endotoxin will adsorb to the column while PSA material

passes through or or vice versa, either into the void col-
umn (with loading buffer) or by eluting with suitable elu-
tion buffer. In accordance with a further aspect of the
invention we therefore provide a novel process for reduc-
ing the endotoxin content of a sample containing poly-
sialic acid and endotoxin comprising passing the sample
through a hydrophobic interaction column to which en-
dotoxin adsorbs, whereby PSA passes through the col-
umn and is collected to provide a product solution of poly-
sialic acid having reduced endotoxin content. According
to a yet further aspect of the invention we provide a novel
process for reducing the endotoxin content of a sample
containing polysialic acid and endotoxin comprising
passing the sample through a hydrophobic interaction
column to which the PSA material adsorbs, whereby en-
dotoxin passes through the column and PSA material is
adsorbed, and then PSA material is eluted and collected
to provide a product solution of polysialic acid having
reduced endotoxin content. The use of a phenyl column
is preferred, as this binds to endotoxin whilst allowing
PSA to pass through the column. In the first embodiment,
after passage of the void volume containing endotoxin,
the column may be washed with a washing buffer and
washing fractions collected, which may also comprise
PSA. The second embodiment is of particular utility for
purifying PSA conjugates with proteins, such as relatively
hydrophobic proteins.
[0055] Affinity filtration media may be used in the proc-
ess of the present invention usually after step (ii). Affinity
matrices are selected which specifically trap endotoxin.
Conditions are selected such that PSA is not adsorbed
when the solution is loaded. It may often be preferred to
avoid use of endotoxin-specific affinity chromatography,
to avoid contamination by degradation products of the
matrix. Preferably, where any such process step is in-
cluded, the conditions are selected to avoid such degra-
dation. Although such conditions may be selected at the
expense of optimising endotoxin removal, when com-
bined with the essential steps of the process of the in-
vention in a multistep process the endotoxin level can be
reduced to acceptable levels
[0056] In one embodiment of the present invention, af-
finity matrix comprising an immobilised endotoxin-bind-
ing agent is used to purify the PSA sample. A suitable
agent is a polymyxin B gel, in particular Detoxi-Gel™.
[0057] The Detoxi-Gel™ Endotoxin Removing Gel us-
es immobilized polymyxin B to bind and remove pyrogens
from solution. The polymyxins are a family of antibiotics
that contain a cationic cyclopeptide with a fatty acid chain.
Polymyxin B neutralizes the biological activity of endo-
toxins by binding to the lipid A portion of bacterial lipopol-
ysaccharide. Studies performed by Kluger et al.,(1985)
indicate that the immobilized polymyxin B inactivates
some but not all endotoxins.
[0058] The immobilized polymyxin B gel is a stable af-
finity matrix that resists leaching of ligand into the valu-
able preparation. Making use of an affinity support per-
mits easy cleanup of buffers, cell culture media, solutions
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containing macromolecules such as proteins, and phar-
macologically important components. Detoxi-Gel™ En-
dotoxin Removing Gel also has been used to remove
endotoxin from nucleic acid (DNA) samples (Wicks et.
al., 1995).
[0059] Typically, before a polymyxin B gel is used, it
must first be degassed. Gels may be regenerated by
washing, typically with a detergent, for instance sodium
deoxycholate, followed by washing to remove the deter-
gent. A suitable agent to wash the gel is pyrogen-free
water. Once generated, the gel is applied to the column
and pyrogen free buffer, or water, are added. The column
incubation time is typically one hour. Once the sample
has been collected, it is typically lyophilized to prevent
bacterial contamination.
[0060] A Cellufine ™ column is another type of affinity
chromatography column, that may be used to reduce the
endotoxin content of the PSA sample. Such a column is
typically equilibrated with 2-8, for instance 5 column vol-
umes of endotoxin free buffer, for instance HEPES buffer
(pH 7.4). HEPES may also be used as the loading buffer.
Cellufine is a particularly suitable material to use as it
has low nonspecific binder of PSA.
[0061] Other commercially available endotoxin-selec-
tive affinity chromatography columns are the EndoTrap
columns. An EndoTrap Red ™ column can also be used
to reduce the endotoxin content of the PSA sample. Such
a column is typically equilibrated with 5-10, for instance
5 column volumes of endotoxin free buffer, for instance
with Regeneration Buffer Red ™ and 20mM HEPES buff-
er (pH 7.4) or with deionised water (pH 7.4). HEPES or
deionized water (pH 7.4) may also be used as the loading
buffer.
[0062] An EndoTrap Blue ™ column may be used to
reduce the endotoxin content of the PSA sample. Such
a column is typically equilibrated with 5-10, for instance
5 column volumes of deionised water (pH 7.4), supple-
mented with 50-100PM Ca+2.
[0063] In the process according to the first aspect of
the invention, the sample may be subjected to additional
purification means. For instance, the sample may be sub-
jected to one or more preliminary steps of incubation with
a surfactant, a chelating agent, a base, an organic sol-
vent, an oxidant or a peroxidase, before step (i), between
steps (i) and (ii) or after step (ii).
[0064] Preferably, the surfactant is an anionic sur-
factant, for example, sodium dodecyl sulphate (SDS).
Alternatively, the surfactant may be 0.5% Triton X 114
or 1% Triton X 100 or 114. Alternatively cationic sur-
factants, e.g. bactericidally-effective surface active com-
pounds such as cetyltrimethylammonium, bromide may
be used. A suitable incubation time is 1 hour. Tempera-
tures in the range 0-50°C are suitable, although 35-37°C
is preferred.
[0065] Where a nonionic surfactant is used the solution
is loaded onto an anion exchange column for removal of
nonionic surfactants. Here, 20mM TEA buffer can be
used.

[0066] In one embodiment of the present invention, the
PSA sample is incubated with 1% SDS/ 2N NaOH in
HEPES buffer for 1 hour, and then the solution is loaded
onto a column to remove salt and anionic surfactant, for
instance, a GPC column, and fractionated with a suitable
buffer, typically HEPES buffer. A pd10, Sephadex 25 col-
umn may be used.
[0067] Alternatively, other nonionic surfactants having
different cloud points to Triton, such as Tween 20 and
Tween 80, can also be used to reduce endotoxin content
of the PSA sample. The PSA sample is incubated in 0.1
% Tween 80 for 30 minutes at room temperature. Then
the solution is loaded onto an anion exchange column
with a suitable buffer or deionised water (pH 7.4) for re-
moval of surfactants. The column is washed extensively
with water and buffer (pH 7.4) to remove surfactant.
[0068] In embodiments the process includes an oxida-
tion step. This step is intended to oxidise the end unit of
polysialic acid to render it reactive, e.g. with proteins or
peptides. It may simultaneously lead to a reduction in
endotoxin content and thus be a useful step to achieve
the overall objective of endotoxin reduction. Suitable ox-
idants are sodium periodate, superoxide, hypochlorite
and peroxidase.
[0069] The process of the invention may comprise use
of phase extraction, diafiltration precipitation and/or use
of dry heat before step (i) or after step (ii). When dry heat
is used, typically the PSA sample is heated in a vial to a
temperature in the range 100-200°C, most preferably
around 150°C for 1-6 hours, typically around 4 hours.
These conditions do not deactivate or degrade PSA.
[0070] Diafiltration may be used subsequent to incu-
bation of the PSA sample with a surfactant, or alterna-
tively, used independently of surfactant treatment. The
filter should be small enough to retain at least higher mo-
lecular weight PSA whilst allowing endotoxin to pass
through. A typical ultrafiltration apparatus with a cutoff of
5kDa for globular proteins has pores sufficiently large to
allow passage of endotoxin (-10,000 Da) whilst retaining
PSAs of ∼20,000 and above. A diafiltration step is pref-
erably used after the base treatment, e.g. as part of re-
covery step (ii).
[0071] The process of the present invention provides
PSA with reduced endotoxin content to pharmaceutically
acceptable levels, for human or veterinary use. Ideally,
the endotoxin content of the product PSA is less than
25EU/mg PSA. Preferably, the endotoxin content of the
PSA is in the range 0.05-25 EU/mg.
[0072] The present invention may be of utility for pro-
ducing PSA conjugates having low endotoxin content. In
a PSA conjugate preferably the conjugated moiety is
preferably a biological molecule, more preferably a pro-
tein. PSA protein conjugates may be produced by a va-
riety of methods, in particular see our previous Patent
Applications WO-A-0187922 and WO92/22331. The
process according to the first aspect of the invention is
generally unsuitable for PSA-biological molecule conju-
gates since the base typically damages the biological
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moiety, i.e. any conjugation is not carried out prior to step
(i). In a fourth aspect of the invention there is provided a
process comprising the sequential steps:

(v) PSA conjugate - endotoxin mixture is contacted
with a nonionic surfactant for a predetermined time
at a predetermined temperature;
(vi) the surfactant-treated sample is passed through
an anion-exchange column whereby the PSA con-
jugate is adsorbed on the column;
(vii) the PSA conjugate is eluted from the column
using an elution buffer to produce a PSA conjugate
solution having reduced endotoxin content.

[0073] Examples of nonionic surfactant to be used in
this aspect are for instance PEG compounds, sorbitan
monooleate Tween 20/80 or a member of the series
[0074] Triton. Again, without wishing to be bound by
theory, it is believed that the surfactant reduces endo-
toxin levels by disrupting endotoxin micelle formation, or
by dissolving endotoxin.
[0075] The product of the fourth or first aspect of the
invention may be a pharmaceutical composition, in which
case, the endotoxin content should be low enough to
avoid toxic side effects when the composition is admin-
istered to a human or animal. The composition may be
a human or veterinary pharmaceutical composition.
[0076] Typically, PSA samples, before purification, i.e.
the starting material for step (i) of the first aspect and
step (v) of the fourth aspect have an endotoxin content
in the range 1000-200,000 EU/mg. In order to be phar-
maceutically acceptable, the final endotoxin content of
the sample must be no more than 25 EU/mg. The per-
missible endotoxin content is dependent upon the intend-
ed use of the PSA. If the PSA is to be used to derivatise
a protein to be used as a medicament, the permissible
endotoxin content varies with the dose of protein to be
used as a medicament - higher doses typically require
more stringent removal of endotoxin.
[0077] For PSA-protein conjugates used in pharma-
ceutical compositions with a human (veterinary) dose of
10-500mg, the endotoxin content should be no more than
0.5 EU/mg, and is preferably in the range 0.05-0.5
EU/mg. For PSA-protein conjugates with a human dose
of 1-10mg, the endotoxin content should be no more than
5 EU/mg, and is preferably in the range 0.5-5 EU/mg.
For PSA-protein conjugates with a human dose of up to
1000Pg, the endotoxin content should be no more than
25 EU/mg, and is preferably in the range 5 to 25 EU/mg.
[0078] In the invention sample containing endotoxin
and PSA is conveniently a fermentation broth. The fer-
mentation broth may be produced recombinantly or be
naturally occurring PSA-producing microbial broth, a hy-
drolysis product thereof or a fractionalised derivative of
either of these. The microbes may be E coli K1, Neisseria
meningitidis, or Moraxella liquefaciens. Typically, the
process according to the first aspect of the invention com-
prises a preliminary step in which the microbes are fer-

mented to produce a fermentation broth. The PSA may
be a poly(2,8-linked sialic acid), poly(2,9-linked sialic ac-
id) or an alternating 2,8- 2,9-linked PSA. Preferably, the
PSA is colominic acid (CA) or an oxidised, reduced, am-
inated and/or hydrazide derivative thereof.
[0079] The PSA typically has at least 2, preferably at
least 5, more preferably at least 10, for instance at least
50 saccharide units. Typically, PSAs of most utility have
a weight average molecular weight of up to 100kDa.
[0080] The PSA may be derived from any source, pref-
erably a natural source such as a bacterial source, e.g.
E. coli K1 or K92, group B meningococci, or even cow’s
milk or N-CAM. The sialic acid polymer may be a heter-
opolymeric polymer such as group 135 or group V of N.
meningitidis, or may be synthesized e.g. enzymatically.
The PSA may be a block copolymer, such as a conjugate
of a homo poly(sialic acid) with a block of another natu-
rally occurring polymer or synthetic polymer. The PSA
may be in the form of a salt or the free acid. It may be in
a hydrolysed form, such that the molecular weight has
been reduced following recovery from a bacterial source.
The PSA in the starting material for a process of the in-
vention may be material having a wide spread of molec-
ular weights such as having a polydispersity of more than
1.3, for instance as much as 2 or more. Preferably the
polydispersity of molecular weight is less than 1.2, more
preferably less than 1.1, for instance as low as 1.01.
[0081] The derivatisation of proteins and drug delivery
systems with the purified PSA may result in increased
half life, improved stability, reduced immunogenicity,
and/or control of solubility and hence bioavailability and
pharmacokinetic properties, or may enhance solubility
actives or viscosity of solutions containing the derivatised
active.
[0082] Preferably the PSAs of the final product of the
process aspects of the invention and of the new products
have 2-1000 sialic acid units, for instance 10-500, more
preferably 10 to 50 sialic acid units. Preferably, the poly-
dispersity of the PSA will be less than 2, ideally less than
1.2, and ideally in the range 1.01 to 1.10.
[0083] The purification methods used in the present
invention advantageously reduce the polydispersity of
the PSA, in addition to reducing the endotoxin content.
[0084] The endotoxin content of a sample of PSA is
reduced by the process of the invention by at least 5-fold,
preferably at least 10-fold, most preferably at least 100,
200, 500 fold and in some embodiments up to 1000,
10,000, 100,000 or even 1 million fold. Preferably the
base treatment and recovery reduces the endotoxin con-
tent at least 5-fold. The overall reduction by preliminary
steps amd multiple PSA-recovery steps may lead to a
reduction of at least 105 fold. Generally the combination
of recovery steps is selected such that endotoxin reduc-
tion is maximised while PSA recovery is maximised by
the use of steps which are complementary to one another
in terms of endotoxin fraction removal.
[0085] The "Assay for Endotoxin" (LAL test) section of
the Examples describes how the endotoxin content may
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be measured.

Examples

Reference Assay for Endotoxin

[0086] To perform the assay for endotoxin, The En-
dosafe - PTS (Portable Test System) from Charles River
Laboratories was used. This is based on the LAL (Limulus
Amoebocyte Lysate) assay.

Instrument Operation

[0087] All required information was entered into the
reader. Once all the test information had been entered,
the reader displayed "add sample; press enter". The PSA
samples were prepared, unless otherwise specified at 1
mg/ml in 20 mM TEA buffer at pH 7.4. 25 PL of sample
was pipetted into all four sample reservoirs and enter key
was pressed on the reader. The pump drew sample al-
iquots into the test channel and the results were produced
in 15-20 minutes. When the test was completed the in-
strument displayed the endotoxin measurement and the
assay acceptance criteria on the screen. The instrument
gave the following specifications: Sample EU/mL, sam-
ple %CV, spike EU/mL, spike %CV and % spike recovery.

Example 1 - Endotoxin Reduction Using Sodium hy-
droxide

[0088] 6 mg/ml solution of colominic acid contaminat-
ed with endotoxin (31 kDa unoxidised) was prepared in
0.5M NaOH Hepes buffer and was incubated at room
temperature for 10 minutes. Then 0.5 ml solution was
loaded on size-exclusion chromatography desalting col-
umn and the fraction collected was discarded. The col-
umn was then washed with 2.5 ml HEPES buffer and the
fraction was collected followed by collection of another
2 ml fraction with HEPES buffer. The elution fractions
collected were then analysed for colominic acid content
by resorcinol assay. The fractions containing colominic
acid were then pooled together and were analysed for
endotoxin content. The samples were tested for degree
of deacetylation of the PSA.
[0089] There was a 53-fold reduction in endotoxin con-
tent using NaOH and there was no detectable degree of
deacetylation. Nor is any breakdown of CA observed in
the PAGE using NaOH and SDS.

Example 2 - Reduction of endotoxin by anion ex-
change after base

[0090] A sample taken directly from E. coli K1 fermen-
tor (1mg/ml) in 20mM TEA buffer (pH 7.4) was measured
and found to be more than 105 EU/mg. Then NaOH was
added to the PSA solution to make final normality of 2N
NaOH in PSA sample solution and then it was incubated
for 2 hours at room temperature with gentle mixing. The

pH of the solution was recorded. The HiTrap QFF (1ml)
column was washed with 10 column volume deionised
water (pH 7.4) and then column was equilibrated using
10 column volumes of 20 mM TEA. The conductivity of
the sample solution was measured and was diluted ap-
propriately with 20 mM TEA buffer to match the conduc-
tivity of buffer solution. The sample solution was then
loaded on QFF (1ml column) at the rate of 1ml/mim and
the void volume (- 1/3 column volume) was collected sep-
arately. 1ml frations were collected. The column was then
washed with 20 mM TEA and washing fractions of 1ml
each was collected. The sample was then eluted with 1
M NaCI in 20mM TEA and the fractions were collected.
Resorcinol assay of the elution samples was performed
to calculate the amount of colominic acid present in the
samples and the endotoxin content of the pooled elution
samples containing colominic acid was determined. The
endotoxin level of the product was found to be reduced
to 1407EU/mg, i.e. more than-71 fold. The recovery of
PSA was 91 %.
[0091] The base treatment and recovery by anion ex-
change was repeated taking above product and further
reduction in endotoxin content was seen, down to less
than 300, i.e. a further 5-fold reduction.

Example 3 - Reduction in endotoxin by base/anion 
exchange followed by nonionic surfactant and anion 
exchange

[0092] Colominic acid solution product of a different
fermentation broth was treated by base by the process
of Example 2 and then treated with Triton X 114 as below,
then anion exchange.
[0093] 1% Triton X 114 solution was prepared and was
added to PSA solution in appropriate amount to make
the final concentration of 0.5% Triton X 114. The solution
becomes cloudy at room temperature (25°C). To make
the solution clear, it was kept in ice for 10-15 mins. Again
the solution was kept at room temperature for 20 mins
to make it cloudy. The cloudy solution was centrifuged
and two layers were separated: upper layer containing
PSA and lower layer of Triton X 114 containing endotoxin.
The upper layer was kept to load on to the QFF column.
The HiTrap QFF column was prepared, loaded, washed
and eluted as in Example 4.
[0094] In this case the level of endotoxin was reduced
from over 105 to around 4.4 x 103 EU/mg in the first base
treatment step and further to 8.2 x 102 EU/mg after the
second surfactant step and anion exchange.
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Claims

1. Process for reducing the endotoxin content of a sam-
ple containing polysialic acid and endotoxin compris-
ing the sequential steps:

(i) adding to the sample a base having a pKa of
at least 12 to form a basic solution having a pH
of at least 12, incubating the solution for a time
at a temperature; and
(ii) recovering polysialic acid having reduced en-
dotoxin content.

2. Process according to claim 1 wherein the base has
a pKa of at least 13.

3. Process according to claim 1 or 2 wherein the pH of
the said basic solution is at least 13.

4. Process according to any preceding claim wherein
the base is NaOH, KOH, Ca(OH)2 or LiOH.

5. Process according to claim 4 wherein the base is 2N
NaOH.

6. Process according to any preceding claim wherein
said time ranges from 5 minutes to 24 hours and
wherein the said temperature is in the range 0 to
60°C.

7. Process according to any preceding claim in which
step (ii) includes the following sequential substeps:

(iii) passing the sample through an anion-ex-
change column whereby polysialic acid is ad-
sorbed on the ion exchange resin;
(iv) washing the column with one washing buffer,
whereby polysialic acid remains adsorbed on
the ion exchange resin; and
(v) eluting the polysialic acid from the column
using an elution buffer to provide a product so-
lution of polysialic acid having reduced endotox-
in content.

8. A process according to claim 7, wherein the sample,
after step (i), is neutralised before step (ii).

9. Process according to claim 7 or claim 8, wherein in

step (iv), the column is washed in a first step with a
first washing buffer of low ionic strength to elute en-
dotoxin from the column and wherein the elution buff-
er used in step (v) has relatively higher ionic strength.

10. Process according to claim 9, wherein the said wash-
ing buffer and/or the said elution buffer contains vol-
atile base.

11. Process according to any of claims 7 to 10, wherein
in step (iv) the column is washed more than once.

12. Process according to claim 11, comprising washing
the column with a second washing buffer, which
comprises NaCl at a concentration of at least 0.2M.

13. Process according to any of claims 7 to 12, wherein
steps (i) and (iii) to (v) are repeated on the product
solution.

14. Process according to any preceding claim compris-
ing at least one further step in which the endotoxin
level of polysialic acid is reduced by purification car-
ried out either before step (i), between steps (i) and
(ii) or after step (ii) selected from ion exchange chro-
matography, hydrophobic interaction chromatogra-
phy, affinity chromatography, size exclusion chro-
matography and combinations thereof.

15. Process according to claim 14, wherein hydrophobic
interaction chromatography is carried out before
step (i).

16. Process according to any preceding claim wherein
the sample of polysialic acid either before step (i),
between steps (i) and (ii) or after step (ii), is incubated
with a surfactant, a chelating agent, an organic sol-
vent, an oxidant or a peroxidase.

17. Process according to any preceding claim, compris-
ing a preliminary step in which E. coli are fermented
to produce a fermentation broth containing the poly-
sialic acid and endotoxin, optionally comprising in-
termediate steps of removing protein, lipid, nucleic
acid and/or nutrients, to form said sample.

18. Process according to any preceding claim wherein
the endotoxin content of the polysialic acid in the
product solution is no more than 25 EU/mg of poly-
sialic acid, measured by the LAL test.

19. Process according to any preceding claim wherein
the sample contains polysialic acid-protein conju-
gate and endotoxin.

20. Process according to claim 19 wherein the reduced
endotoxin content is no more than 5 EU/mg.
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21. Process according to claim 20 wherein the reduced
endotoxin content is no more than 0.5 EU/mg.

22. Process for preparing a polysialic acid-biological
molecule conjugate, comprising reducing the endo-
toxin content of a sample containing polysialic acid
according to the process of any preceding claim and
conjugating the polysialic acid obtained with the bi-
ological molecule.

23. Process according to claim 22, wherein the biological
molecule is a protein.

Patentansprüche

1. Verfahren zur Reduktion des Endotoxingehalts in ei-
ner Probe beinhaltend Polysialinsäure und Endoto-
xin, umfassend die sequentiellen Schritte:

(i) Zufügen einer Base mit einem pKa von we-
nigstens 12 zur Probe, um eine basisch Lösung
mit einem pH von mindestens 12 zu erhalten,
Inkubieren der Lösung während einer Zeit bei
einer Temperatur; und
(ii) Wiedergewinnen der Polysialinsäure mit ei-
nem reduzierten Endotoxingehalt.

2. Verfahren nach Anspruch 1, wobei die Base einen
pKa von mindestens 13 aufweist.

3. Verfahren nach Anspruch 1 oder 2, wobei der pH
der genannten basischen Lösung mindestens 13 ist.

4. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die Base NaOH, KOH, Ca(OH)2 oder
LiOH ist.

5. Verfahren nach Anspruch 4, wobei die Base 2N Na-
OH ist.

6. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die genannte Zeit zwischen 5 Minuten
und 24 Stunden ist und wobei die genannte Tempe-
ratur zwischen 0 bis 60 Grad Celsius ist.

7. Verfahren nach einem der vorangehenden Ansprü-
che, wobei Schritt (ii) die folgenden sequentiellen
Schritte beinhaltet:

(iii) Passieren der Probe durch eine Anionen-
austauschersäule, wobei Polysialinsäure auf
dem lonenaustauschharz adsorbiert wird;
(iv) Waschen der Säule mit einem Waschpuffer,
wobei Polysialinsäure auf dem lonenaustausch-
harz adsorbiert bleibt; und
(v) Eluieren der Polysialinsäure von der Säule
unter Verwendung eines Eluationspuffers, um

eine Produkt-Lösung mit Polysialinsäure mit re-
duziertem Endotoxingehalt bereitzustellen.

8. Ein Verfahren nach Anspruch 7, wobei die Probe
nach Schritt (i) vor dem Schritt (ii) neutralisiert wird.

9. Verfahren nach Anspruch 7 oder 8, wobei in Schritt
(iv), die Säule in einem ersten Schritt mit einem er-
sten Waschpuffer mit geringer lonenstärke gewa-
schen wird, um Endotoxin von der Säule zu eluieren
und wobei der in Schritt (v) verwendete Eluations-
puffer eine relativ höhere lonenstärke aufweist.

10. Verfahren nach Anspruch 9, wobei der genannte
Waschpuffer und/oder der genannte Eluationspuffer
volatile Basen aufweist.

11. Verfahren nach einem der Ansprüche 7 bis 10, wobei
in Schritt (iv) die Säule mehr als einmal gewaschen
wird.

12. Verfahren nach Anspruch 11, umfassend das Wa-
schen der Säule mit einem zweiten Waschpuffer,
welcher NaCl in einer Konzentration von mindestens
0.2 M aufweist.

13. Verfahren nach einem der Ansprüche 7 bis 12, wobei
die Schritte (i) und (iii) bis (v) mit der Produkt-Lösung
wiederholt werden.

14. Verfahren nach einem der vorangehenden Ansprü-
che umfassend wenigstens einen weiteren Schritt in
welchem der Endotoxingehalt der Polysialinsäure
durch eine Reinigung reduziert wird, welche entwe-
der vor dem Schritt (i), zwischen den Schritten (i)
und (ii) oder nach dem Schritt (ii) durchgeführt wird,
ausgewählt von lonenaustauschchromatographie,
hydrophobe Austauschchromatographie, Affinitäts-
chromatographie, Grössenausschlusschromato-
graphie und Kombinationen davon.

15. Verfahren nach Anspruch 14, wobei die hydrophobe
Austauschchromatographie vor dem Schritt (i)
durchgeführt wird.

16. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die Probe mit Polysialinsäure entweder
vor dem Schritt (i), zwischen den Schritten (i) und (ii)
oder nach dem Schritt (ii) mit einem Tensid, einem
Komplexbildner, einem organischen Lösungsmittel,
einem Oxydationsmittel oder einer Peroxidase inku-
biert wird.

17. Verfahren nach einem der vorangehenden Ansprü-
che, umfassend einen einleitenden Schritt in wel-
chem E.coli fermentiert wird, um eine Fermentati-
onsbrühe, beinhaltend die Polysialinsäure und En-
dotoxin, herzustellen, optional umfassend den Zwi-
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schenschritt des Entfernens von Protein, Lipid, Nu-
kleinsäure und/oder Nährstoffe, um die genannte
Probe herzustellen.

18. Verfahren nach einem der vorangehenden Ansprü-
che, wobei der Endotoxingehalt der Polysialinsäure
in der Produkt-Lösung nicht mehr als 25 EU/mg Po-
lysialinsäure ist, gemessen mit dem LAL Test.

19. Verfahren nach einem der vorangehenden Ansprü-
che, wobei die Probe Polysialinsäure-Protein-Kon-
jugat und Endotoxin enthält.

20. Verfahren nach Anspruch 19, wobei der reduzierte
Endotoxingehalt nicht mehr als 5 EU/mg ist.

21. Verfahren nach Anspruch 20, wobei der reduzierte
Endotoxingehalt nicht mehr als 0.5 EU/mg ist.

22. Verfahren zur Herstellung eines Polysialinsäure-
Biomolekül-Konjugates umfassend das Reduzieren
des Endotoxingehaltes einer Probe beinhaltend Po-
lysialinsäure nach dem Verfahren nach einem der
vorangehenden Ansprüche und konjugieren der er-
haltenen Polysialinsäure mit dem Biomolekül.

23. Verfahren nach Anspruch 22, wobei das Biomolekül
ein Protein ist.

Revendications

1. Procédé de réduction de la teneur en endotoxines
d’un échantillon contenant de l’acide polysialique et
des endotoxines, comprenant les étapes consistant
à :

(i) ajouter à l’échantillon, une base ayant une
valeur pKa d’au moins 12 pour former une so-
lution basique ayant un pH d’au moins 12, incu-
ber la solution pendant une durée à une
température ; et
(ii) récupérer l’acide polysialique ayant une te-
neur réduite en endotoxines.

2. Procédé selon la revendication 1, dans lequel la ba-
se a une valeur pKa d’au moins 13.

3. Procédé selon la revendication 1 ou 2, dans lequel
le pH de ladite solution basique est d’au moins 13.

4. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la base est NaOH, KOH,
Ca(OH)2 ou LiOH.

5. Procédé selon la revendication 4, dans lequel la ba-
se est 2N NaOH.

6. Procédé selon l’une quelconque des revendications
précédentes, dans lequel ladite durée est de l’ordre
de 5 minutes à 24 heures et dans lequel ladite tem-
pérature est de l’ordre de 0 à 60° C.

7. Procédé selon l’une quelconque des revendications
précédentes, dans lequel, l’étape (ii) comprend les
sous-étapes séquentielles suivantes :

(iii) passage de l’échantillon dans une colonne
échangeuse d’anions, l’acide polysialique étant
adsorbé sur la résine échangeuse d’ions ;
(iv) lavage de la colonne avec un tampon de
lavage, l’acide polysialique restant adsorbé sur
la résine échangeuse d’ions ; et
(v) élution de l’acide polysialique de la colonne
en utilisant un tampon d’élution pour donner une
solution de produit d’acide polysialique ayant
une teneur réduite en endotoxines.

8. Procédé selon la revendication 7, dans lequel
l’échantillon, après l’étape (i) est neutralisé avant
l’étape (ii).

9. Procédé selon la revendication 7 ou la revendication
8, dans lequel à l’étape (iv), la colonne est lavée
dans une première étape avec un premier tampon
de lavage de faible force ionique pour éluer les en-
dotoxines de la colonne et dans lequel le tampon
d’élution utilisé à l’étape (v) a une force ionique re-
lativement supérieure.

10. Procédé selon la revendication 9, dans lequel ledit
tampon de lavage et/ou ledit tampon d’élution con-
tient une base volatile.

11. Procédé selon l’une quelconque des revendications
7 à 10, dans lequel à l’étape (iv), la colonne est lavée
plusieurs fois.

12. Procédé selon la revendication 11, comprenant le
lavage de la colonne avec un deuxième tampon de
lavage qui comprend du NaCl à une concentration
d’au moins 0,2 M.

13. Procédé selon l’une quelconque des revendications
7 à 12, dans lequel les étapes (i) et (iii) à (v) sont
répétées sur la solution de produit.

14. Procédé selon l’une quelconque des revendications
précédentes, comprenant au moins une autre étape
dans laquelle le taux d’endotoxines de l’acide poly-
sialique est réduit par purification réalisée soit avant
l’étape (i), soit entre les étapes (i) et (ii), soit après
l’étape (ii) choisie parmi la chromatographie échan-
geuse d’ions, la chromatographie par interaction hy-
drophobe, la chromatographie d’affinité, la chroma-
tographie d’exclusion diffusion et leurs combinai-
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sons.

15. Procédé selon la revendication 14, dans lequel la
chromatographie par interaction hydrophobe est
réalisée avant l’étape (i).

16. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’échantillon d’acide poly-
sialique, soit avant l’étape (i), soit entre les étapes
(i) et (ii) soit après l’étape (ii), est incubé avec un
tensioactif, un agent chélateur, un solvant organi-
que, un oxydant ou une peroxydase.

17. Procédé selon l’une quelconque des revendications
précédentes, comprenant une étape préliminaire
dans laquelle des bactéries E. coli sont fermentées
pour produire un bouillon de fermentation contenant
l’acide polysialique et des endotoxines, comprenant
éventuellement des étapes intermédiaires consis-
tant à éliminer les protéines, lipides, acides nucléi-
ques et/ou nutriments pour former ledit échantillon.

18. Procédé selon l’une quelconque des revendications
précédentes, dans lequel la teneur en endotoxines
de l’acide polysialique dans la solution de produit ne
dépasse pas 25 UE/mg d’acide polysialique, mesu-
rées par le test LAL.

19. Procédé selon l’une quelconque des revendications
précédentes, dans lequel l’échantillon contient un
conjugué d’acide polysialique-protéine et des endo-
toxines.

20. Procédé selon la revendication 19, dans lequel la
teneur réduite en endotoxines ne dépasse pas 5
UE/mg.

21. Procédé selon la revendication 20, dans lequel la
teneur réduite en endotoxines ne dépasse pas 0,5
UE/mg.

22. Procédé de préparation d’un conjugué d’acide poly-
sialique-molécule biologique, comprenant la réduc-
tion de la teneur en endotoxines d’un échantillon
contenant de l’acide polysialique selon le procédé
de l’une quelconque des revendications précéden-
tes et la conjugaison de l’acide polysialique obtenu
avec la molécule biologique.

23. Procédé selon la revendication 22, dans lequel la
molécule biologique est une protéine.
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